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EVAPORATION RATES OF CHEMICAL WARFARE AGENTS
MEASURED USING 5 CM WIND TUNNELS
II. MUNITIONS GRADE SULFUR MUSTARD FROM SAND

1. INTRODUCTION

The evaporation rate of the vesicant chemical warfare agent sulfur mustard [bis(2-
chloroethyl)sulfide, (CICH,CH),S] from glass has been previously determined. In this work, the
evaporation of 77% pure munitions grade sulfur mustard (abbreviated H) from three types of
sand was determined, in comparison to the evaporation of 97% pure Chemical Agent Standard
Analytical Reference Material grade sulfur mustard (abbreviated HD) from glass.

The 5 cm laboratory-sized wind tunnels' and the wind tunnel characteristics’
compared to other wind tunnels and outdoor measurements have been published.z‘3 The vapors
of sulfur mustard were quantitatively collected using thermal desorption tubes. This report
describes how the data were analyzed and demonstrates the robustness of the set of data that will
be passed to the modelers for eventual incorporation into the software program VLSTRACK,
which predicts the vapor hazard of chemical agents under various environmental conditions.

2. EXPERIMENTAL PROCEDURES
2.1 Wind Tunnel.

The 5 cm wind tunnels that were used in these experiments have bcen previously
described, and were the same as those used for the studies on glass. *° In order to expose the
agent to the wind flow, the piston was removed, and the test substrate (sand in a cup that had a
240 mm diameter and 15 mm depth) with the droplet of agent on it was placed on the piston and
inserted into the wind tunnel. The humidified, temperature-controlled air from a Miller-Nelson
Environmental Control Unit (tunnel a) or Aalborg MFC (tunnels c, d, k, 1) was then passed over
the sample, and the vapors were collected on thermal desorption tubes at the vapor sampling
inlet. The amount of agent on each tube was measured based upon a standard in the Gas
Chromatography/Mass Spectrometry (GC/MS). The sample volume and tunnel air flow ratc
were known; thus, the agent concentration (mg/m’) and evaporation rate (ug/min) could be
calculated. The rates were not calculated for the initial 3 min of the experiment, before the
instrumentation had reached equilibrium, nor at the end of the experiment, when the
concentration of mustard was nearing a plateau. Hence, the middle of the concentration data was
used to calculate the evaporation rates. The points for the rate were chosen such that r* > 0.99.

Air flows were 18, 181 and 405 standard liters per minute (SLPM), which
corresponded to velocity values at a | cm height 0f 0.22, 1.7 and 3.6 m/s. The flow volume pcr
thermal desorption tube was typically 2 to 10 L volume, and the tubes were automatically
switched using a proprietary Versatile Tube Sampler. The rate at which the tubes were switched
was adjusted based upon the evaporation rate of the agent. The air and substrate tcmperatures




were 15, 35, and 50 °C, and the droplet sizes were 1, 6, and 9 pL, corresponding to
contamination densities of approximately 1.3, 7, and 11 g/m’.

2.2 Agent.

Sulfur mustard, [bis(2-chloroethyl) sulfide, (CICH,CH,),S], is commonly
abbreviated H for munitions grade and HD for distilled. Impurities seen in the GC/MS that are
commonly present in munitions grade mustard are Q [sesquimustard, bis(2-chloroethylthio)
ethane, (CICH,CH,SCH>),, 10.1%] the cyclic ether 1,4-dithiane, [S(CH,CH,),S, 3.2%], 1,2-
dichloroethane (2.6%) and 4-chlorobutyl 2-chloroethyl sulfide (1.0%), and 16 other analytes
(totaling 3.9%). Caution: sulfur mustard is a potent vesicant and care must be taken to
prevent exposure to liquid or vapor. It should only be manipulated by trained personnel
employing appropriate engineering controls and personal protective equipment.

23 GC/MS Detection.

2.3.1 Vapors Generated in Wind Tunnel.

This protocol was the same as used for the studies of the evaporation of HD from
glass. Gas Chromatography/Mass Spectrometric Detector (GC/MSD) analysis of the thermal
desorption tubes was performed on a Markes UNITY/ULTRA Thermal Desorption system
connected to an Agilent Technologies 6890N GC/5973 MSD equipped with a HP-5MS [30 m
long, 0.25 mm 1.d., 0.25 pm film thickness, (5%-phenyl)-methylpolysiloxane stationary phase]
capillary column (Agilent Technologies, Wilmington, DE). The thermal desorption tubes used
were Markes Tenax thermal desorption tubes (Markes International, Llantrisant, UK, Part
#C0102S). Each sample was prepurged for 1 min then desorbed for 2.5 min at 250 °C. The
transfer line to the GC was heated to 180 °C. The GC oven temperature profile was ramped from
75 °C for 2 min to 110 °C at 20/min, to 290 °C at 80 °C/min. The column flow rate at 75 °C was
1.6 mL/min (46 cm/s) at a constant pressure of 15 psi. The injection temperature was 250 °C;
MSD transfer line 180 °C; MSD quad 150 °C; and MSD source at 230 °C. The sample extracts
were analyzed in the electron impact (EI) mode scanning from 30 — 300 amu, with 2.78 scans/s.
Under these conditions, HD eluted at ~2 min. Both sulfur mustard and a breakdown ion were
seen in the mass spectrum.

2.3.2 Analysis of Liquid Extracts.

Gas Chromatography/Mass Spectrometric Detector analysis of the organic liquid
extracts was performed on an Agilent Technologies 6890N GC/5973 MSD equipped with a
30 m X 0.25mm HP-5 capillary column (Agilent Technologies, Wilmington, DE). The oven
temperature profile was ramped from 45 °C for 5 min to 265 °C at 10 °C/min. The injection
temperature was 250 °C; MSD transfer line 280 °C; MSD quad 150 °C; and MSD source at
230 °C. The sample extracts were analyzed in the electron impact (E1) mode scanning from
40 — 350 amu. One microliter was injected on a split/splitless inlet with a purge time 0.5 min;
purge flow rate 25 mL/min; with a constant helium column flow rate of | mL/min (average
linear velocity of 36 cm/s). Gas Chromatography/Mass Spectrometry of the extracts detected



1,4-oxathianc, 2-hydroxyethyl vinyl sulfide (HOEVS), 2-chloroethyl vinyl sulfide (CEVS), and
thiodiglycol (TDG).

2.4 Substrates.

The UK sand used was AFS-50 Fine Sand produced by Warmwell Quarry in the
United Kingdom. The physical properties from the specifications sheet of the supplier indicate a
prcdominant particle size of 0.25 to 0.5 mm; 98.6% SiO,, 0.39% aluminum oxide and 0.09%
ferric oxide, and a skeletal density of 2.65 g/cm3 . The sand had a surface area of 0.23 mz/g, of
which 0.0382 m*/g were micropores” and the pH of 0.1 g sand in 2 mL water, measured after
24 hr usin§ pH paper, was 6. The measured bulk and tapped densities of the sand were 1.34, and
1.48 g/cm’, respectively, yielding void volumes of 50 and 44%, respectively. The sand was used
at ambient conditions; oven drying indicated that ~2% water had adsorbed to the sand. Chemical
analyses arc in Appendix C, and surface area data are given in Appendix D.

The southwest sand was obtained from the back gate of Cannon AFB, New
Mexico, and is a surface sample. Chemical analyses are in Appendix E, and surface area data are
given in Appendix F.

The Saudi sand was obtained from the Torrispamments Plains, Dhahran Royal
Saudi Air Base, and was comprised of 86% sand, 10% silt, and 4% clay, with a pH of 7.85.

Surface arca data are given in Appendix G.

205 Experimental Design and Data Analysis.

The experimental design was generated and the data were analyzed using JMP*
Statistical Discovery Software. There were three variables: temperature, drop size, and air flow
rate at three levels each. Measuring all combinations of these levels would yield 27 conditions
(3 x 3 x 3); the cubic composite design chosen required 9 conditions, which can be described as
the vertices of a eube and the body mid-point. The data were collectcd in triplicatc as two blocks
of four vertices (chosen as the corners of a tetrahedron) and the mid-point. This collection of
data would allow for the determination of the major contributing variables and cross-variables.
The substrate temperature (°C), droplet mass (mg, based on HD only, already adjustcd for
impurities), air flow (SLPM)), total percent sulfur mustard rccovered from the vapor and tunnel
identity (four similar 5 cm tunnels were available) were controlled as variables that may affect
the raw evaporation rate. Cross factors between droplet mass, air flow and temperature were
included in the initial numerical analysis. Factors that were determined not to be significant
were deletcd and the regression was re-calculated.

L . .
Surface arcas were from 5 point BET measurements, and the microporc arca was from an a
dsorption t-plot, using nitrogen gas, collected by Micromeritics Inc., Norcross, GA.




3\ RESULTS

3.1 Evaporation Rate.

A plot of H concentration versus time is shown in Figure 1; in this experiment a
simultaneous measurement of H in the air was measured using a Hyfed. The Hyfed curve
reached a plateau before the concentrations did, thus indicating the relative sensitivity of the two
techniques. The concentrations were converted to mg H and plotted in Figure 2. The raw
evaporation rate was calculated from the first set of points for 0 to 77 min; the r* was 0.99. For
all samples, the evaporation rate was calculated from the first 5 to 20 points that had an r* of
0.99. For H evaporation from sand, the evaporation rate slowed with time; only the initial rate
was calculated in this work. A more thorough analysis and interpretation of the evaporation
curve will occur separately.” The %vapor recovered and raw evaporation rates are shown in
cube plots (Figures 3 and 4); temperature, drop size and SLPM affected the evaporation rate, but
no factors obviously affected the %vapor recovered.

The average %vapor recovered was 75%, (Figure 5a, Table 1) in comparison to
HD on glass, for which the value was 86%. The %vapor collected was based upon the %sulfur
mustard that was deposited after accounting for the purity of the munitions H. After the end of
the reaction, the sand was extracted and analyzed for remaining sulfur mustard for 35 of the
samples; the average %mass extracted was 8.6% (Figure 5b), these samples yielded a vapor and
mass sum of 88% recovery (Figure 5c, Table 1).

The effect of only temperature on the evaporation rate is shown in Figure 6. The
combined effects of temperature, drop size, air flow (SLPM), %relative humidity (RH), and
%vapor recovered on the evaporation rate were calculated using a least squares method.
Significant factors were identified as those with Prob > |t| of 0.05 or less. Analogously to the
studies on glass, a straight-line regression was obtained for the log;¢(evaporation rate) (Figure 7,
Table 2, r* = 0.93, n = 63, eq 1), compared to the curvature observed for the evaporation rate (r’
=0.71). The %vapor recovered was random, and did not show any statistically relevant trend
with drop size, air flow, or temperature.

UK Sand only
logio(evaporation rate) = -0.41 + (0.025 * Temp) + (0.050 * Drop Size) (H
+ (0.0007 * SLPM) + (0.004 * %VaporRecovered)

Since only eight wind tunnel experiments were performed with the Saudi sand,
the least squares analysis was repeated by combining the Saudi data with the UK sand. For the
evaporation rates, the same regression, r” = (.93 was obtained for the least squares fit, the
parameter estimates showed that the sand type was not a significant factor contributing to the
evaporation rate (Figure 8, Table 2), and an equation that best fit the data was generated (eq 2).

UK and Saudi Sand
logio(evaporation rate) = -0.436 + (0.026 * Temp) + (0.051 * Drop Size) (2)
+(0.0007 * SLPM) + (0.0036 * %VaporRecovered)



As only 4 southwest sand samples were available, eq 1 was used to predict the
rate for the southwest (and Saudi) sands, and a plot of raw evaporation rate versus predicted
evaporation rate was made (Figure 9). The southwest and Saudi sands fall on the same line, thus
implying that there is little difference in evaporation rates between them.

Vapor Concentrations
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Figure 1. Concentration of sulfur mustard () and Hyfed signal obtained during evaporation
from sand.
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Figure 2. Mass of sulfur mustard (4) obtained during evaporation from sand.




Table 1. Statistical results for the %vapor recovered, %mass extracted, and sum of %vapor and
%%mass.

%Vapor Recovered | %Mass Extracted | Sum of Vapor and Mass
Mean Vi 8.6 88
Std Dev 21 7.8 22
Std Err Mean 2.6 1.3 8.7
upper 95% Mean 80 11.3 96
lower 95% Mean 70 6.0 81
N 63 35 35
[ Drop size (1, 6, 9 pL)
63 68 - 81
/ 60 - 83 /
72 82
62 30 - 80 88
48-70 60 - 81 —
/ 65 - 81 / Temperature
15, 35,50 °C
M — 133

A\d speed

0.22, 1.5 and 3.3 m/s

Figure 3. Percentage vapor recovered for munitions H on UK sand.
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/ 40 /
15 119
11 33 74
3 19 >

16 / Temperature
15, 35,50 °C

4 ———— 24

‘/Wind speed

0.22, 1.5and 3.3 m/s

Figure 4. Raw evaporation rates (mg/m°) for munitions H on UK sand.
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Figure 6. Evaporation of munitions grade sulfur mustard from sand at 15 (-), 35 (0J)
and 50 (+) °C, 6 pL drop, 181 SLPM air flow: (a) plots of vapor concentration vs. time,
(b) plots of major diameter vs. time.
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Table 2. Parameter estimates from the least squares fit of log;o(evaporation rate)
for H on UK and Saudi sands.

UK Sand Combined UK and Saudi Sands
Term Estimate | Std Err | Prob>|t| | Estimate | Std Err | Prob>|t|
Intercept -0.41 0.10 0.0001 [ -0.44 0.07 <.0001
Temperature/°C 0.025 | 0.001 <.0001 | 0.026 0.001 | <.0001
Drop Size/mg 0.050 |0.004 <.0001 | 0.051 0.004 | <.0001
SLPM (air flow rate) [ 0.0007 | 0.0001 | <.0001 [ 0.0007 0.0001 | <.0001
%RH -0.004 | 0.007 0.5883 n/a n/a n/a
% VaporRecovered 0.004 | 0.001 0.0019 | 0.0036 0.0001 [ 0.0004
Sand type[Saudi] n/a n/a n/a 0.009 0.025 0.7146
| _ | &7
< - : 3 - .
1] ae" o
g 15— . L 4 o 01— [ |
g - . £ -
> an W a i -
S 05— J §-0.1- s ;
& o s - ;
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Log10 Raw Evap Rate Predicted P<.0001 0 5 1.0 1.5 2.0
RSq=0.93 RMSE=0.1188 Log10 Raw Evap Rate Predicted
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Figure 8. Plot of actual vs. predicted evaporation rates for combined UK and Saudi sand (a) data
and (b) residuals.
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Figure 9. Calculated vs. raw evaporation rates for UK, Saudi, and SW sands.
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3.2 Surface Area.

Video cameras were used to measure the surface area of the mustard droplets
(Figures 10 and 11) and the time that each droplet took to reach the maximum surface area. The
surface area of the droplet increased over time up to 800 min. The maximum surface area as a
function of temperature, drop size, and flow rate 1s plotted in Figure 12. The larger droplets gave
a greater spread than the smaller ones, as would be expected. The least squares analysis of the
surface area on only the UK sand as a function of wind speed, temperature, and drop size had
r’= 0 94 (r aqi=0.93, n = 49, Figure 13, eq 3, Table 3); addition of the Saudi sand data lowered
the r’ to 0.89 (r adj= 0.88, n =55, eq 4, Table 3). Tunnel effects were not included, and %RH
was not a significant factor.

Surface Area, UK only, no tunnel effect (3)
32.33 +(-0.574 * temp) + (4.98 * drop size) + (-0.022 * SLPM) + (0.128 * %vapor recovered)

Surface Area, UK & Saudi (4)
13.62 + (-0.678 * temp) + (5.49 * drop size) + (-0.036 * SLPM) + (0.293 * %RH) + (0.381 *
%vapor recovered)

The time to reach the maximum area as a function of temperature, drop size, and
flow rate for the combined UK and Saudi sands is summarized in Figure 14. The times were
highly variable, by as much as a factor of ten. The least squares analysns of the spread time as a
function of wind speed, temperature and drop size had a low 2= 0.50 (r* adj = =0.43, n =49). Due
to the curvature in the plot the logarithm was used; this also gave a low r’=0. 53 (r adj = 0.463,
n=49). Not surprisingly, few significant factors were found (Table 4). An r’ of 0.5 means that
50% of the source of the variance between the samples was not explained by the factors chosen;
the underlying causes for the variation in the time taken to reach the maximum surface area are
not well understood.

Figure 10. Photographs of a 6 uL. droplet of mustard on sand at 35 °C at 4 and 285.3 min
after impact.
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Figure 11. Spreading of a 6 puL droplet of mustard on sand at 35 °C as a function of time.
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Figure 12. Maximum droplet surface areas for munitions H on UK sand.
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Figure 13. Plot of actual vs. predicted least squares fit for the maximum surface area for H on

UK sand: (a) data and (b) residuals.

Table 3. Parameter estimates from the least squares fit of maximum drop areas
for munitions H on UK and Saudi sands.

[9

UK Sand UK and Saudi Sand

Term Estimate | Std Error | Prob>|t| | Estimate | Std Error | Prob>|t|
Intercept 32 6 <.0001 |14 6 0.0268
tunnel[c] 1.1 1.8 0.5484 n/a n/a n/a
temp -0.6 0.1 <.0001 |-0.68 0.09 <.0001
drop size 5.0 0.2 <0001 | 5.5 0.3 <.0001
SLPM -0.017 0.008 0.0388 [ -0.036 0.009 0.0002
%RH 0.6 0.6 0.2923 |03 0.6 0.6580
%vapor recovered | 0.13 0.07 0.0540 | 0.38 0.06 <.0001
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Figure 14. Plot of actual vs. predicted least squares fit for the time taken to reach the maximum
surface area for H on UK sand (a) time to maximum area and (b) log;o(time to maximum area).

Table 4. Parameter estimates from the least squares fit for time to maximum drop area and
logo(time to maximum drop area) for munitions H on UK sands.

Time to Maximum Drop Area | Log;o(Time to Maximum Drop Area)
Term Estimate | Std Error | Prob>t| Estimate Std Err Prob>|t|
Intercept 8 114 0.9458 1.6 0.2 <.0001
temp -0.08 2.5 0.9757 0.001 0.005 0.8446
H mass only 21 6 0.0011 0.06 0.01 <.0001
SLPM 0.1 0.2 0.3736 0.0002 0.0003 0.6222
%RH 18 11 0.1081 0.03 0.02 0.1475
tunnelfc] -77 35 0.0308 | -0.19 0.08 0.0167
%vapor recovered 0.6 1.1 0.6205 0.003 0.003 0.3176
4. DISCUSSION

The evaporation rates given for the sand were the initial evaporation rates. The

evaporation curves changed shape with time; methods to fit these curves and interpret the

evaporation rate as a function of basic physical parameters, such as viscosity, porosity, and vapor

pressures are being developed by Navaz et al.,* who have published interpretations for HD
evaporation from glass. This work shows that the basic assumptions about which factors
contribute to the evaporation rate (drop size, temperature, and air flow) were valid.
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The reason for the high variability in the time taken to reach the maximum spread
area on sand is not known.

> CONCLUSIONS

The data collected indicated that the evaporation profiles of sulfur mustard from
UK, SW, and Saudi sands were similar despite the fact that the three sands have different
compositions and grain sizes. The generation of a least squares fit curve for the sand samples
allows for a facile comparison of the evaporation rate of sulfur mustard from any other sand
encountered to the UK sand.
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APPENDIX A
EVAPORATION RATES FROM SAND

Table Al. Summary of Evaporation Experiments of Sulfur Mustard from UK Sand

run# | Temp, | drop | mass air %RH raw % vapor | Type | tunnel | Area, | Time | Logo
SE mass H, flow, evap | recovered | of mm’ to Raw
mg | SLPM rate sand max, | Evap
pg/min min | Rate
3¢079 | 349 1.291 10969 | 181 1.34 9.6 65.5 UK c 19 40 | 098
3c081 | 35.3 1.291 10969 | 181 1.4 12.8 81.1 UK c 17 501 .11
3¢078 | 35.1 11.62 | 8.72 181 1.34 223 60.1 UK c 74 90 | 1.35
3c082 | 35.2 11.62 | 8.72 182 1.15 37.3 80.1 UK c 751 150 1.57
3c¢093 | 353 11.62 | 8.72 182 1.64 322 82.9 UK c 75| 500 | 1.51
3c084 | 352 | 7.746 | 5816 | 405 0.99 36.7 83.9 UK c 52 50 1.56
3c086 | 352 | 7.746 | 5816 | 405 1.02 329 86.4 UK G 581 220 1.52
3d044 | 15.1 7.746 | 5.816 | 182 0 5.8 60.1 UK d 70| 220| 0.76
3d041 | 14.7 | 7.746 | 5.816 | 18I 6.43 6.2 59.9 UK d 69| 350 0.79
3d038 | 15.1 7.746 | 5.82 182 0 8.4 64.8 UK d 70| 170 0.92
3c069 | 35.1 7.746 | 5.816 18 3.28 18.1 68.6 UK c 60 80| 1.26
3c070 | 349 | 7.746 | 5.816 | 18.1 3.27 18.6 66.4 UK c 63| 300 | 1.27
3c071 35 7.746 | 5.816 | 18.1 323 18.1 73.9 UK c 60| 100 | 1.26
3c080 | 34.6 7.62 S:12 181 1.32 23.3 68.5 UK c : | 137
3c083 | 35.1 7.746 | 5.816 | 182 1.14 e 28.9 UK c 53 100 | 0.98
3c085 | 348 | 7.746 | 5817 | 182 1.37 24.6 80.1 UK c 56| 120 1.39
3c088 | 50.1 11.43 | 8.582 | 405 0.76 99.9 83.5 UK G 63 170 | 2.00
3c091 | 499 | 11.619 | 8.724 | 404 0.17 98.8 83.8 UK c 60| 300| 1.99
3¢c094 50 11.619 |1 9.086 | 404 0.16 95.1 80.2 UK c 55| 270 1.98
3d040 | 15.2 11.62 | 8.72 406 0.63 11.3 75 UK d 73 190 | 1.05
3d043 | 15.1 [ 11.619 | 8.724 [ 406 0 10.8 69.7 UK d 80| 500{ 1.03
3d046 | 14.7 | 11.619 | 8.724 | 406 0 10.2 71.7 UK d 851 600 1.01
3¢090 | 504 1.291 | 0.969 | 404 0.22 30.7 134.7 UK C . .| 149
3¢092 | 50.1 1.291 [ 0.969 | 405 0.16 31.9 128 UK c 22| 200 | 1.50
3¢072 | 50.2 11.62 | 8.72 18.1 1.6 33.1 68.3 UK c 68 | 180 | 1.52
3c074 50 11.619 | 8.724 | 18.1 1.63 40.4 81.1 UK c 67| 150 1.6l
3¢077 ] 503 [11.619 | 8.724 | 18.1 1.78 354 68.6 UK C 68 | 180 | 1.55
3¢073 | 50.3 1.291 | 0.969 | 18.1 1.53 14.2 81 UK c 17 120 | 1.15
3¢076 | 49.9 1.291 {0969 | 18.1 1.59 12.1 60.4 UK c 21 40 | 1.08
3¢075 50 1.291 | 0.969 | 18.1 1.68 14.4 75.3 UK c ; .1 1.16
3d039 | 15.6 1.291 | 0.969 | 405 0 6 114 UK d 36 | 100} 0.78
3d042 | 149 1.291 | 0.969 | 405 0.37 43 107 UK d 271 150 | 0.63
3d04s5 | 15.2 1.27 | 0954 | 406 0 34 112.8 UK d 0.53
3d029 | 15.2 11.43 | 8.58 18.1 0 5.2 62.8 UK d 0.72
A-1




Table Al. Summary of Evaporation Experiments of Sulfur Mustard from UK Sand (continued)

run# | Temp, | drop | mass air | %RH [ raw % vapor | Type | tunnel | Area, | Time | Log)o
°C mass H, flow, evap | recovered | of mm’ to Raw

mg | SLPM rate sand max, | Evap

pg/min min | Rate

3d030 | 15.1 1.27 | 0.854 | 18.1 [ 0.01 1S 47.8 UK d . .1 0.18
3d047 | 15.1 1.291 | 1.01 18.1 0 1.6 69.8 UK d 30 150 0.20
3¢089 | 50.3 | 7.746 | 58161 182 | 0.52 50.3 89.4 UK c 58| 100 1.70
3¢087 | 50.6 | 7.746 | 5.82 182 1.6 80.8 88.1 UK c 48 60| 191
3d056 | 15.4 7.62 | 5959 | 405 | 10.62 3.6 12.2 UK d 0.56
3d055 | 15.6 1.27 10993 | 405 9.06 2.8 71.8 UK d 0.45
3d053 | 153 1.27 | 0.993 18 5.36 2 65.5 UK d . .| 030
3d052 | 14.8 | 11.43 | 8.938 18 6.38 3.9 55.7 UK d 91 | 520} 0.59
3d051 | 14.8 1.27 | 0.993 18 5.63 1.6 71.7 UK d 0.20
3d050 | 144 | 11.43 | 8938 18 7.05 43 56.5 UK d : .| 0.63
3d049 | 185 1.27 | 0.993 18 457 1.5 67.6 UK d 38| 315| 0.18
3d048 | 15.1 11.43 [ 8.938 18 1.07 4.2 53.1 UK d 0.62
3¢117 | 504 7.62 | 5959 | 182 1.99 | 448 70.8 UK c ] .| 165
3clll | 349 7.62 | 5959 | 182 3.1 20.6 67.7 UK c 571 150 | 1.31
3¢l08 | 50.6 | 11.43 | 8.938 | 18.1 2k 382 732 UK & 74| 187 ] 1.58
3¢107 | 49.5 1.27 10993 | 18.1 | 2.78 13.8 94 UK c 23 62| 1.14
3¢106 | 35.7 7.62 |5959 | 18.1 5.95 16.1 76.7 UK c 66| 250 | 1.21
3c105 | 494 | 11.43 [ 8938 18.1 | 2.89 | 299 62.6 UK ¢ 67| 112 148
3c104 { 503 | 11.43 | 8938 | 18.1 3.3 27.8 59.8 UK G 571 108 | 1.44
3¢103 | 35.3 7.62 | 5959 | 18.1 | 6.64 15.8 69.9 UK c 62| 1441 1.20
3¢102 | 49.5 1.27 ]0.993 | 18.1 3.26 12.1 71.5 UK € 21 96 | 1.08
3c101 | 354 762, || 5:959 181 3.47 26.8 74.5 UK c 50 1§77, 1.43
3¢100 | 344 1.27 10.993 | 182 3.62 11.8 107.7 UK C 26 42| 1.07
3c099 35 7.62 | 5.959 182 342 19.1 65.4 UK € 47 80 1.28
3¢098 | 34.4 7.62 | 5959 182 | 2.41 2315 65.2 UK c 62| 285 1.37
3c097 35 1.27 | 0.993 182 1.76 15.8 107.4 UK c 26 75 1.20
3¢096 [ 35 1.27 ]0.993 | 182 1.78 13.4 100 UK € 31 96 | 1.13
3¢095 [ 34.9 7.62 | 5959 | 404 1.03 33.7 89 UK c 681 162 153
3a093 | 34.5 7.62 |5959 | 18.1 7.67 9.9 38.6 UK a ; .| 1.00
3cl54 358 775 6.06 181 0 15 40.1 | Saudi c 29 50| 1.18
3all2 34.7 775 | 6.06 181 | 58.97 14.5 44,9 | Saudi a 1.16
3cli8 50.4 7.62 | 5.959 182 | 1.32 40.6 46 | Saudi € 1.61
3d054 14.9 1.27 ] 0.993 405 | 9.88 23 75.8 | Saudi d 0.36
3cll6 49.7 7.62 | 5.959 182 | 2.24 45.5 53.2 | Saudi ¢ . .1 1.66
3cll4 35.1 7.62 | 5.959 182 | 2.45 16.2 48.5 | Saudi c 38 85 1.21
3cll13 34.7 7.62 | 5.959 182 3 14.1 39 | Saudi (¢ 32 50| 1.15
3cll2 35.1 7.62 | 5.959 182 | 2.89 14 42.3 | Saudi ¢ 30 35| 1.15
3cl10 34.8 7.62 | 5.959 182 | 3.47 17.7 48.6 | Saudi c 40 35 1225
3¢c109 41.1 7.62 | 5.959 182 | 4.01 14.7 39.8 | Saudi ¢ 29 48 | 1.17
3al32 35 775 6.06 182 | 36.82 177'8 53.1 | SW a 1.24
3al26 50.4 1.29 | 1.01 18 | 28.26 73 59.6 | SW a 0.86
3c168 50| 11.62 ] 9.09 18 0 31.1 405 | SW c 1.49
3al3l1 35.1 775 6.06 182 | 37.05 15.6 48 | SW a 1.19




APPENDIX B
REPORT SHEETS OF EVAPORATION DATA
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